Aspartyl-phosphate phosphatases deactivate the response regulator components of the sporulation signal transduction system in Bacillus subtilis.
Bacteria use two-component signal transduction systems to sense and respond to their environment. A sensor kinase and a response-regulator transcription factor work in concert by phosphorylation/dephosphorylation through kinase and phosphatase activities to maintain a level of phosphorylated response regulator commensurate with the level of signal input. Signal input can be accommodated through stimulation of the kinase activity or the phosphatase activity of the two-component system. With some notable exceptions, the sensor kinases recognize a single stimulatory ligand. A new dimension in the regulation of two-component signal transduction systems was discovered in the Rap phosphatases which dephosphorylate the SpoOF response-regulator of Bacillus subtilis independent of the sensor kinases. This family of phosphatases is encoded by at least six chromosomal genes. Although not all of the phosphatases of the family have activity on phosphorylated SpoOF, the two best-characterized members, RapA and RapB, prevent sporulation by dephosphorylating this response regulator component of the phosphorelay. Phosphatase activity of RapA is regulated by a gene, phrA, in the same transcriptional unit, that encodes a peptide secreted from the cell which may serve as a quorum sensor. Most of the Rap phosphatase operons have a gene coding for a protein with some similarity to PhrA in their transcription units, but it is uncertain whether all of these play a role in regulation. The Rap phosphatases are postulated to be a mechanism for allowing signals other than those that affect the sensor kinases to regulate the signal transduction pathway. They may have been recruited to help regulate sporulation because the multiple signals regulating this process may outstrip the recognition capacity of the kinases.